Fermi arcs in WTe 2 by ARPES. A promising solution is provided by the prediction that the topological Fermi arcs can be significantly enlarged in MoTe 2 [22, 23] or Mo x W 1−x Te 2 [26] .
Among these candidate materials, MoTe 2 is particularly interesting because of the reported superconductivity [27] and the predicted topological phase transition induced by temperature or strain [22] . Although the electronic structures of WTe 2 [28] [29] [30] and Mo x W 1−x Te 2 [31] have been experimentally studied, so far there is no conclusive evidence on the existence of topological Fermi arcs. Here by combining two complementary surface sensitive probes -ARPES and STM, we provide direct experimental evidence of the topological Fermi arcs at the boundary between electron and hole pockets in the T d phase of MoTe 2 , establishing it as a type-II Weyl semimetal.
MoTe 2 is polymorphic with three different structures: hexagonal (α-phase, or 2H phase), monoclinic (β-phase, or 1T phase) and orthorhombic (γ-phase, or T d phase). The 1T phase has a distorted CdI 2 structure ( Fig. 1(c) ) that crystalizes in the centrosymmetric space group P2 1 /m. The Mo atoms are coordinated by six Te atoms but shifted from the center of the Te octahedra, resulting in the zigzag chains along the b axis. The bonding between the shifted Mo atoms corrugates the Te sheets and distorts the Te octahedra [32, 33] , causing the c axis to incline at an angle of ∼ 93.9
• [32] . A temperature induced phase transition from the high temperature 1T to the low temperature T d phase has been reported between 240 K to 260
K [32] . The T d phase ( Fig. 1(d) ) shares the same in-plane crystal structure ( Figure 1(g) shows the X-ray diffraction (XRD) intensity of the high quality MoTe 2 single crystal at room temperature (1T phase). The Raman spectrum in Fig. 1(h) shows B g and A g vibrational modes at ∼ 160 and 260 cm −1 respectively, consistent with other report [34] .
The resistance measurement ( Fig. 1(i) ) confirms the first order phase transition between the T d and 1T phases at ∼ 260 K, in agreement with previous results [32] . The high crystallinity of the samples is revealed by the sharp diffraction spots ( Fig. 1(j and corner atoms of a rectangular unit are different in height and exhibit distinct contrast.
The dI/dV spectrum on the surface is shown in the supplementary information. Since both the topological and the trivial surface states are squeezed in the narrow gap between the electron and hole pockets ( Fig. 3(a-d) ), resolving the different features in ARPES measurement is the most challenging aspect to correctly identify the topological Fermi arcs.
We search for the topological Fermi arcs in ARPES intensity maps with surface sensitive UV source (penetration depth of a fewÅ). The intensity contribution from bulk bands is largely suppressed by using selected specific surface sensitive photon energy with different polarizations, and the surface states in-between the bulk electron and hole pockets can thus become more accessible experimentally. analyzer slit width, the measured dispersion is averaged over a finite k y momentum window (e.g.
± 0.026Å at 53 eV photon energy) and the measured dispersion covers contribution from the topological surface states which start from k y ≈ 0.014Å (see Fig. 2 in supplementary information) .
in good agreement with that from the band structure calculation. Furthermore, a comparison with the zoom-in calculated maps shows that the termination points of the observed arcs (panel (e-h)) line up with those of the calculated ones (yellow broken curves in panels (i-l)), explicitly supporting the presence of topological Fermi arcs.
The observed topological Fermi arcs reside on the two-dimensional (2D) crystal surface.
We performed more experimental studies, including variable incident photon energy measurement and quasi-particle interference in real space, to support the surface nature of the observed electronic feature. Bulk states with different k z values selectively respond to different incident photon energy, which helps to separate the contributions from bulk and surface states. Figure 4 (a-h) shows ARPES data measured along theX-Γ-X direction with photon energies from 32.5 eV to 90 eV. The dispersions near theΓ point change significantly with Fig. 5(j) ), labeled q 1 , q 2 , and q 3 , might be expected to appear in QPI. Among them, q 3 is forbidden due to the requirement of the time-reversal symmetry in the system. Similar forbidden scattering was also experimentally observed in the surface states of topological insulators with time-reversal symmetry [36] . The scattering wave vectors should generate visible features centered between q 1 and q 2 and along the Γ-X direction ( Fig. 5(j) dI/dV spectra were acquired using a lock-in amplifier at frequency of 913 Hz.
First-principles calculations.
The ab-initio calculations are carried out in the framework of the Perdew-BurkeErnzerhof-type generalized gradient approximation of the density functional theory through employing the Vienna Ab initio simulation package (VASP) [39] with the projected augmented wave (PAW) method. The kinetic energy cutoff is fixed to 400 eV, and the k-point mesh is taken as 12×10×6 for the bulk calculations. The spin-orbit coupling effect is selfconsistently included. The lattice constants are taken from experiments [22] , but the atoms in the unit cell are fully relaxed with the force cutoff 0.01eV/Å. Maximally localized Wannier functions are employed to obtain the ab-initio tight-binding model of semi-infinite systems with the (001) surface as the boundary to exhibit surface states and topological Fermi arcs.
An iterative method is used to obtain the surface Green's function of the semi-infinite sys-
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I. A COMPARISON OF THE ELECTRONIC STRUCTURE FOR T d PHASE AND T PHASE FROM BAND STRUCTURE CALCULATION
To confirm the Weyl points and identify the topological surface states in the T d phase, we show in Fig. 1 a comparison of the calculated electronic structure of the inversion asymmetric T d phase and the inversion symmetric 1T phase. In the T d phase, the electron and hole pockets touch at two sets of Weyl points W2 (≈ 45 meV) and W1 (≈ 5 meV) respectively ( Fig. 1(c,d) ). Fermi arcs can be clearly identified (highlighted by yellow broken line). In addition, there are also trivial surface states which are connected to the electron pockets. In the 1T phase, there is no crossing point between the electron and hole pockets (i.e. no Weyl points). Consequently Fermi arcs disappear ( Fig. 1(g,h) , leaving only the trivial surface by mapping dI/dV in this region. To generate enough defects for QPI measurement, the sample was firstly grown to be β-MoTe 2 , then annealed in a furnace with thermal gradient from 1173 K to 873 K. At last, further annealing is performed in a 1223 K furnace.
